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PHOTOGRAPHIC MEASUREMENT OF SAND MOVEMENT IN GIGAPIXEL PANORAMAS REVEALS
SHORT TERM VARIABILITY IN GEOMORPHOLOGICALLY SIMILAR LAKE MICHIGAN DUNES
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Pins and Measurements
Tracking the motion of sand on the dunes was accomplished using
color-coded, visually distinctive dune erosion pins (here called
photopins). In order to measure them in photos, the photopins needed
bright colors to stand out against the sand. The photopins were
constructed by epoxying alternating colors of 3.8 cm (1.5 in) beads to
121.9 cm (4 ft) fiberglass rods. The beads followed the pattern (bottom
to top) of 1 black, 4 orange alternating with 4 white, 1 black, 4 orange
alternating with 4 white, 1 black, and 3 top half-sized beads with colors
coded as digits to create a unique identification number. Pins can thus
be located on-screen while viewing web-based panoramas.

KLH
SHNA

360° panorama, Kitchel Lindquist Hartger Dunes (KLH) in Grand Haven, Michigan (Sept. 27, 2013)

Abstract
We measured sand movement in open-sand environments exposed on the
interiors of parabolic dunes at two sites along the eastern shoreline of
Lake Michigan, at Saugatuck Harbor Natural Area (SHNA) in Saugatuck,
Michigan and the Kitchel Lindquist Hartger Dunes (KLH) in Grand Haven,
Michigan. Both sites are isolated from the Lake Michigan shoreline. The
SHNA site is a blowout at the nose of a stabilized, dissected, 11.5 m high
parabolic dune located behind an established dune ridge, 360 m from the
beach. The KLH site is the northern of two adjacent, 14 m high parabolic
dunes 400 m from the beach, with an intervening row of houses and
roadway. The SHNA dune axis has a bearing of 75°, while the dune axis at
KLH has a bearing of 70°.
We used web-hosted gigapixel panoramas of digital images to record and
measure sand surface elevations relative to dune pins designed for
photographic measurement (photopins). Photopins were installed at SHNA
in July 2012 and were in place at both sites from June 2013 through June
2014. Error analysis based on geometric principles constrains the
maximum error attributable to parallax when measuring on-screen images
of our photopins in a panorama. Parallax errors can be non-trivial when
measuring photopins photographed at close range, but maximum error
drops to less than 2 percent for photos taken at 3 or more meters,
regardless of the angle of the pin relative to the line of sight or its elevation
above or below the camera.
SHNA saw an average sand loss of 6.76 cm over the two year period, but
sand movement was variable, with an average net loss of 13.46 cm in
2012-13 partially offset by a net gain of 6.83 cm in 2013-14, recorded at
103 photopins. In contrast, from June 2013 to June 2014 the KLH site saw
a net sand loss of 18.80 cm as measured at 39 photopins. The sites are 40
km apart so they see similar large-scale storm patterns but are affected by
different smaller-scale fluctuations in wind direction and strength. Even
within a single site, sand movement is patchy, with accumulation and
erosion occurring within a few meters. The contemporaneous observation
of net sand accumulation at SHNA but sand erosion at KLH during 201314 shows that sand movement at similar dune sites likely responds to
highly localized events and conditions, the time-averaging of which
produces broad regional similarities in dune morphology.

Introduction
Dune pins are useful tools for monitoring changes in sandy environments.
Manual measurement of dune pins, however, can greatly disturb the area
under study, particularly when monitoring steep slopes. We use a
photographic method to monitor dune pins that entails much less
disturbance to the study area. Photographic recording of field data also
shortens the time spent at the field site, which can facilitate an increased
frequency of site surveillance.

360° panorama, Saugatuck Harbor Natural Area (SHNA) in Saugatuck, Michigan (Sept. 21, 2013)

Error Analysis

GigaPan
The GigaPan (gigapan.com) is a motorized camera mount that takes photos to
create detailed and accurate panorama portraits of an area. While panoramic
photography is possible manually, the GigaPan is simpler, more accurate, and less
time consuming. Following an initial set-up to adjust the GigaPan’s settings to the
specifics of the camera and lens, the camera is mounted onto the GigaPan and the
data cable is attached. Once the user has indicated the boundaries of the panorama,
the GigaPan automatically adjusts into position to take each image. The panoramas
created at both locations using GigaPan typically consist of 351 photos. Each set of
photos takes less than 25 minutes to acquire. To stitch the individual photos together
to form a single image, the images are transferred into the GigaPan’s photo stitching
computer software for processing. Once completed, the panorama can be uploaded
directly to GigaPan.com, where other people can view the overall panorama as well
as zoom in to see details in the image down to the resolution of the original
photographs.
We use a 10.1 megapixel Canon Rebel XTi digital single lens reflex camera with a
100 mm macro lens. For typical daylight conditions in the dunes we shoot in manual
mode at aperture settings between f/8 and f/14 with exposure times of 1/100th to
1/250th second. The GigaPan is set with approximately 33% overlap between photos.
GigaPans are increasing in use in geological research. For example, they have been
used to correlate strata in rugged terrain (Campbell and Kuster, 2011) and to
examine the shape and orientation of cobbles in outcrops of undeformed
conglomerates to test their appropriateness for use in calibrating finite strain
analyses of deformed rocks (Merkhofer et al., 2010). Recent applications have used
GigaPans to record and investigate dangerous or inaccessible outcrops. For
instance, van der Kolk et al. (2013) used GigaPan images to record facies
relationships and stratal architecture in rocks in northern Alaska, while Gajos et al.
(2013) used GigaPans to examine pluton emplacement and growth in
exposures in the rugged terrain
of Patagonia Chile.

We have used photographic measurement to observe changes on two
geomorphologically similar dune sites. Saugatuck Harbor Natural Area
(SHNA) in Saugatuck, Michigan has been monitored by researchers from
Hope College since the summer of 2012. The Kitchel Lindquist Hartger
Dunes Preserve (KLH) in Grand Haven, Michigan has been monitored by
a collaboration of Hope College personnel and teachers and students from
Grand Haven High School since the summer of 2013. We present data on
sand surface changes that demonstrate very different patterns of erosion
and accumulation at these sites despite their gross-scale similarities.

The blowout at SHNA is roughly elliptical, with the ellipse having a
NNW-SSE trending long axis. It is located at the nose of a stabilized,
dissected parabolic dune that still has both arms with topographic
expression, although blowouts now notch both arms. The study site
at KLH is the northern of two high parabolic dunes. The active sand
areas at KLH are more circular than at SHNA and have a central
trough more typical of high parabolic dunes. The northern dune at
KLH is sheltered from southerly winds by its slightly taller southern
counterpart.
Local winds vary at both sites. At SHNA different blowouts along the
limbs of the dissected dune respond differently to a single storm,
where some may show extensive excavation whereas others show
little change. At KLH, eddies in the south dune have removed sand
down to the water table near the low, western rim of the blowout. The
north dune, however, has not experienced such deep deflation.

θ = arccos

The two study sites vary not just in the general processes of deposition
versus erosion operating at each over the 2013–2014 year, but also in the
detailed patterns of sand accumulation. Changes in sand surface
elevation at KLH are similar in magnitude across broad regions at the site.
In contrast, changes at SHNA are more variable at finer spatial scales.
Although some general areas where deposition or erosion predominate
can be recognized, there is a more frequent occurrence of adjacent
photopins recording differing amounts of sand accumulation or erosion.
Moreover, the 2013–2014 pattern at SHNA also varies from the pattern
observed at the same site in 2012–2013. While still showing some
variability, measurements during 2012–2013 displayed more homogeneity
between adjacent photopins.

𝑟 2 + 𝑦 2 𝑟 2 + 𝑦 2 + 2𝑦𝑙 + 𝑙 2

where r is the distance from the observer to the bottom of the photopin, y
is the length from the bottom of the photopin to the bottom of the observed
segment, and 𝑙 is the length of the segment.
Relative error is calculated as

Relative error =

∗ 100.

The plot at right gives relative errors calculated for actual segment
lengths of 3.81 cm and a distance of 1 m between observed and
reference segments over different observing distances.
Error due to parallax is very high at close range, exceeding 103% of
the actual measurement at 1 m, but falls below 5% at the horizontal
line, which is at an r less than 5 m. Error is 1.04% at 10 m. This plot
provides a worst-case scenario for evaluating the limits on error when
viewing the photopin with a line of sight perpendicular to its base. In
practice, parallax errors are expected to be much less than those
plotted here since rarely will the most distant segment be used to
calibrate measurements for the photopin.

In this case the same equation applies but with two redescriptions of
variables. Instead of being the straight-line distance between the
observer and the photopin, r can be described as the distance along
a normal from the projected line of the pin to the observer (here
termed “effective r”). Likewise, y is described as the distance
between the bottom of the observed segment and the point where the
projected line of the pin intersects the normal from the projected line
of the pin to the observer.

Case of tilt
toward observer

Image source: Bing Maps

Sand movement responds to a host of variables including vegetation,
wind speed, wind direction, fetch, topography, steepness, moisture,
freezing, and human disturbance. The moderately close association of
the two sites, which are separated by 40 km, suggests that some of these
variables, such as times of freezing, will be similar for both. All of these
factors, however, can vary between the sites at fine scales in response to
local conditions. Among these, there is an obvious difference in
vegetation. KLH is mostly devoid of vegetation, with erosion occurring
around the upper reaches of the bare sand area. In contrast, at SHNA
the upper slopes along the interior margins of the dune have established
dune grass which has increased in extent since 2012. KLH may therefore
be experiencing greater net erosion whereas SHNA shows a patchier
pattern of deposition coinciding with the presence of dune grass on steep
slopes that otherwise might be expected to erode uniformly. Ultimately,
this comparison highlights the variability that local conditions introduce
into dune studies at short time scales, even in regions that show broad
geomorphic similarities among landforms.

Case of pin elevated
above observer

Severely tilted photopins or photopins far above or below the
observer’s horizontal line of site will reduce the effective distance
between the observer and the pin, leading to greater error than
suggested by the straight-line distance between observer and
photopin.
Image source: Bing Maps

Results

Discussion

𝑟 2 + 𝑦 2 + 𝑦𝑙

θ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − θ 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
θ 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

Results at the 39 photopins at Kitchel Lindquist Hartger Dunes Preserve from June 2013
to June 2014 differ markedly from those at SHNA during a similar interval. Whereas
SHNA accumulated sand at most photopins, KLH experienced a mean erosion of 18.80
cm.

The nearly two years of measurements at Saugatuck Harbor Natural Area
from summer 2012 to summer 2014 show a net removal of sand from the
open sand areas monitored at 103 photopins. Average erosion across all
photopins was 6.76 cm during the period. The bulk of this erosion
occurred between 2012 and 2013, which saw an average loss of 13.46 cm
across all pins. In contrast, from 2013 to 2014 SHNA saw a mean
accumulation of sand of 6.83 cm across all photopins.

To determine error due to parallax in on-screen measurements, we can
compare the angular size of segments of known length as observed at the
top and bottom of a photopin, and compute the relative error between the
observed angles. The difference in angles will be greatest when observing
one segment straight on while using the most distant segment as our
reference length for known distance. As shown in the figures at right, the
difference in angular size is greatest when viewing the pin near its base,
but the difference in angular size, and hence parallax error, decreases as
the viewing distance increases. The angle to each segment can be
calculated using the equation

How does error change when the view is not perpendicular to the
base of a photopin, such as when a photopin is tilted toward or away
from the observer, or if it is above or below the line of sight?

Locations and Site
Characteristics
The two research sites are along the eastern shoreline of Lake
Michigan and share several similarities. Both are located inland from
the current lakeshore, with SHNA at 360 m from the beach and KLH
at 400 m. Both are also isolated from the beach by topographic
features—an established dune ridge at SHNA and a low dune ridge,
road, and houses at KLH. SHNA, at a height of 11.5 m above the
surrounding ground surface, has a dune axis bearing 75°, whereas
KLH reaches 14 m above its surroundings with a dune axis bearing
70°. Both sites have roughly bowl-shaped blowouts with the lowest
portion of the surrounding rim on the west side of the region of active
sand movement.

An on-screen measurement application, MB-Ruler (www.markusbader.de/MB-Ruler/), was used to measure the height of a photopin
from the sand surface to the bottom of the uppermost black bead on
the pin, and to measure a known distance between beads on the same
pin. Measurements were recorded in a spreadsheet that used the
known distance to compute the total exposed length of the pin.
Comparison with previous measurements at each pin allows us to
track sand accumulation and removal across each site.

Case of tilt away
from observer

This analysis does not take into account additional sources of error
such as lens distortion and measurement error in determining lengths
of segments. Previous work has estimated this latter error as less
than 3% (Cathey et al., 2012).

Image source: Bing Maps
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